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FLUID ISOLATOR ASSEMBLY AND FLOATING ELASTOMERIC DAMPING 

ELEMENT 

CROSS-REFERENCE TO RELATED APPLICATION 
5 This application claims priority from U.S. Provisional Application Serial No. 

60/409,438 filed on September 10, 2002 for inventor John F. Runyon and entitled 
LOW COST, LOW PROFILE, PNEUMATIC/ VISCOELASTIC ISOLATOR. 

FIELD OF THE INVENTION 
10 The present invention relates generally to an isolator apparatus, and more 

particularly but not by limitation to an isolator apparatus including a fluid isolator 
assembly or fluid spring and viscoelastomeric damping. 

BACKGROUND OF THE INVENTION 

15 Vibration or shock can interfere with operation of mechanical or electro- 

mechanical systems. Isolator or damping assemblies are interposed in a load or 
vibration path to damp or control vibration of such systems. Different vibration 
frequencies can be more problematic than other vibration frequencies affecting 
operation of such systems. For example, different vibration frequencies can interfere 

20 with alignment of servo patterns or information recorded by a servo writing 
apparatus. Prior damping or isolator assemblies having a higher natural frequency 
provide less low frequency isolation to accommodate an underdamped or 
overdamped system in a small space. Embodiments of the present invention provide 
solutions to these and other problems and offer other advantages over the prior art. 

25 

SUMARY OF THE INVENTION 
The present invention relates to an isolator apparatus to attenuate or isolate 
vibration. The isolator apparatus includes a fluid isolator assembly or fluid spring 
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including a flexible diaphragm and a pressure chamber having a flow passage 
opened to the pressure chamber. A floating isolator body including an elastomeric 
damping element is floatably interfaced with the flexible diaphragm to isolate 
vibration. Other features and benefits that characterize embodiments of the present 
invention will be apparent upon reading the following detailed description and 
review of the associated drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of an embodiment of an isolator or device of 
the present invention. 

FIG. 2 is an embodiment of an isolator apparatus and cradle. 

FIG. 3 is a cross-sectional view taken along line 3-3 of FIG. 2 with the 
diaphragm in an expanded profile. 

FIG. 4 is a cross-sectional view taken along line 4-4 of FIG. 2. 

FIG. 5 is a cross-sectional view taken along line 5-5 of FIG. 2 with the 
diaphragm in a collapsed profile. 

FIG. 6 schematically illustrates a servo writing apparatus including servo 
writing components supported on a platform dynamically isolated from a frame of 
the apparatus by an isolator apparatus. 

FIG. 7 schematically illustrates a servo writing apparatus including an 
isolating apparatus (illustrated diagrammatically) to dynamically isolate the servo 
writing components for vibration control. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
FIG. 1 is a schematic illustration of an isolator apparatus or device 100. As 
shown, device 100 includes a fluid isolator assembly or fluid spring 102 and elastomeric 
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(viscoelastic) damping to damp or attenuate vibration. The fluid isolator assembly 102 
includes a flexible diaphragm 104 and a pressure or fluid chamber 106. Fluid flows into 
and out of the fluid chamber 106 through passageway 110 to provide a fluid spring to 
damp vibration. Fluid chamber 106 is pressurized or filled with fluid from pressure 
5 source 112 to expand the diaphragm 104 from a collapsed profile (not shown in FIG. 1) 
to an expanded profile for use. The isolator assembly 100 includes a floating isolator 
body 114 floatably supported by or interfaced with the diaphragm 104 so that vibration 
or motion is attenuated by the fluid isolator assembly 102 (when chamber 106 is 
pressurized) in series with the floating body 114. 

10 The floating body 114 as shown includes a viscoelastic damping element 116 to 

provide viscoelastomeric damping separate from the fluid isolator assembly 102. The 
floating body 114 and fluid isolator assembly 102 provide an interface between a load 
120 and a base or frame 122 and in the illustrated embodiment provide a load path 
from the floating isolator body 114 through the diaphragm 104 to the fluid isolator 

15 assembly or transmission path between the floating isolator body and the fluid isolator 
assembly through the flexible diaphragm 104. The floating isolator body 114 is coupled 
in series with the fluid isolator assembly 102. In the illustrated embodiment vibration 
imparted to or transmitted to the fluid isolator assembly 102 is imparted through the 
diaphragm 104 to the floating isolator body 114 to damp or attenuate vibration. 

20 The fluid chamber 106 can be a pneumatic or gas chamber or can be pressurized 

using other medium. For example, the chamber can be filled with helium or other fluid 
to reduce the natural frequency co n of the assembly without increasing system volume. 
The diaphragm 104 is formed of a relatively thin flexible structure, such as a reinforced 
fabric (for example a fabric reinforced rubber) or other material The passageway and 

25 chamber are sized to control damping profiles or the spring constant and natural 
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frequency o>n of the fluid isolator assembly. In an embodiment described, the fluid 
isolator assembly 102 includes an expanded mode and a collapsed mode. 

In the expanded mode the chamber is pressurized to fill the chamber to a 
working volume. In an expanded profile of the filled chamber, the diaphragm 104 is 
5 taunt to support the load and allow transmission of low frequency vibration through 
the fluid isolator assembly 102 and pressure chamber 106. In the embodiment 
described, the system or apparatus can be designed to provide only a low natural 
frequency for the fluid damping system or spring which provides similar spring rates 
in both horizontal and vertical directions and provides a higher frequency viscoelastic 
10 damping for vibration bypassing chamber 106 by traveling on the taunt surface of the 
diaphragm 104. 

FIGS. 2-5 illustrate of an embodiment of an isolator apparatus 100-1 including a 
fluid isolator assembly and viscoelastic damping as previously described where like 
numbers are used to refer to like parts in the previous FIGS. As shown in FIG. 2, load 

15 120 is supported on or coupled to the floating body 114-1 to isolate vibration relative to 
base 122-1 through the isolator assembly. In the embodiment shown, base 122-1 
includes a cradle 130 that includes a plurality of plugs 132 which form a resilient load 
interface to support the load 120 separate from the isolator assembly during non- 
operational periods, such as during shipping or transport. In particular, plugs 132 

20 provide a load surface or interface to transfer the load 120 gently to the cradle 130 when 
the fluid isolator assembly is collapsed or in the collapsed mode to prevent 
compression set of the viscoelastic damping element and diaphragm or diaphragm seal. 
In an illustrated embodiment, plugs 132 are formed of urethane and form a portion of 
cradle 130. When cradle 130 is not included, floating body 114-1 provides elastomeric 

25 damping even when fluid isolator assembly 102 is not pressurized. 
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As shown in FIG. 3, diaphragm 104-1 is expanded via pressurization of chamber 
106-1 so that the load 120 is supported or interfaced through the floating body 114-1 to 
the fluid isolator assembly 102-1. In the illustrated embodiment, the fluid isolator 
assembly 102-1 includes a rigid base plate 134 to form the chamber 106-1. In the 
5 embodiment shown, the diaphragm 104-1 includes a ridge portion 138 thereabout. The 
ridge portion 138 of the diaphragm 104-1 is clamped or secured between the rigid base 
plate 134 and a rim portion 139 of ring 140 which forms a cylindrical cavity 142. The 
base plate 134 and ring 140 are secured or clamped by a clamp or fastener 144. Fastener 
144 includes an internally threaded portion 146 and an inner rim 150 (or ferrule). 

10 Threaded portion 146 of fastener 144 is secured to a threaded portion of the base plate 
134 so that inner rim 150 abuts the rim portion 139 of the ring 140 to bias the rim 139 of 
ring 140 against the ridge portion 138 of diaphragm 140-1. Threaded portion 146 clamps 
or secure the ring 140 relative to the base plate and compresses the perimeter ridge 
portion 138 of the diaphragm 104-1 between the rim portion 139 of ring 140 and the 

1 5 base plate 134 to provide an air seal thereabout. 

In the embodiment shown the floating body 114-1 includes a toroid shaped 
viscoelastic element 116-1 disposed between opposed body plates 160, 162. In 
particular, the toroid shaped viscoelastic element can be punched or stamped from 
viscoelastic pad stock, such as Sorbothane available from the Sorbothane Corp. of Ohio. 

20 Load 120 is supported by the body plates 160, 162 or interfaced with the floating body 
114-1 separate from and in series with the fluid isolator assembly 102-1. Load is 
transferred to the fluid isolator assembly through a load button 166. Load button 166 is 
formed of a plastic or rubber material and the load plates are formed of a metal or 
plastic material. Load button 166 can be secured to or formed integrally with the 

25 diaphragm 104-1 or alternatively can be secured to the floating body or both the 
diaphragm 104-1 and the floating body. In one embodiment, body plates 160, 162 of the 
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floating body 114-1 include a conical seat 168 and the diaphragm 104-1 includes a 
rubber washer 170. In one illustrated embodiment the rubber washer 170 is molded to 
the diaphragm 104-1 although application is not limited to the particular embodiment 
shown. The load button 166 is centered in the conical seat 168 and washer to provide a 
5 load interface between the floating body 114-1 and the diaphragm as shown. 

In the expanded mode load button 166 and floating body 114-1 are elevated or 
spaced from the cylindrical cavity 142 formed by the ring 140, and in the collapsed 
mode of the fluid isolator assembly, the load button 166 is disposed in the cylindrical 
cavity 142 of the ring 140 as generally shown in FIG. 5. As previously described, 

10 pressure is supplied to the fluid chamber 106-1 through a passageway which in the 
embodiment shown is formed by a threaded stud 172 and restrictor fittingl74 to form a 
restricted passageway 176 through an opening in the base plate. Restrictor fitting 
174 is threaded to stud 172 extending through the opening in the base plate 134 to form 
a relatively restricted passageway 176 opened to the fluid chamber to form the air or 

15 fluid spring to damp vibration. The size of the passageway or orifice 176 and volume of 
the chamber define a spring constant for the fluid isolator or spring which can be 
designed for desired or lower frequency vibration control. In an alternate embodiment, 
fitting 174 is removed and stud 172 is screwed into an external fluid chamber (not 
shown) to connect the fluid chamber to a larger external fluid chamber (not shown) 

20 through passageway of stud 172 to increase an effective volume of the air spring to 
lower its natural frequency. Restrictor is removed to provide a less restricted 
passageway so that fluid passes freely to the larger chamber for example with a 
restricted between that chamber and an air supply. 

As shown, the isolator assembly is supported in a cavity 180 of the cradle 130. In 

25 the embodiment shown, a washer 182 is interposed between a cradle floor 184 and the 
base plate 134 of the fluid isolator assembly. As shown in FIG. 5, for shipping or interim 
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periods when the chamber 106-1 is not pressurized the floating body 114-1 is supported 
on the ring 140 and fastener 144. The load is supported by the plugs 132 on posts 192 as 
previously described. As described, the base plate, spacer, fasteners, rings and fittings 
of the apparatus can be formed from plastic or metal materials. If spacer washer 182 

5 was removed floating body 114-1 would rest on interface surfaces 190 of cradle 130. 

Data storage devices use servo information to control head position relative to a 
disc or media surface for read or write operations. Recording density is increasing 
requiring more accurate servo control feedback which is limited by alignment of 
recorded servo patterns or information on the disc or discs. Servo information can be 

10 recorded on a disc or discs using a dedicated servo writing apparatus. FIG. 6 
illustrates an embodiment of a servo writing apparatus 200 including a servo writing 
assembly 202 which is supported on a rigid platform or table 204 such as a granite 
slab. Vibration or movement of the apparatus or components can degrade the written 
servo pattern or information. 

15 In the embodiment shown in FIG. 6, the present invention includes a plurality 

of isolator apparatus 100-3, 100-4 between the rigid platform or slab 204 and a frame 
206 supporting the rigid platform or table 204 relative to the ground. The isolator 
apparatus 100-3, 100-4 include a fluid isolator assembly with an elastomeric damping 
element to limit vibration and isolate the platform 204 and servo components from 

20 the frame 206. Frame includes an elevated portion 207 and platform 204 (represented 
by load 120 in FIGS. 1-5) is coupled to a bracket 208 along one side to provide an 
interface between the platform 204 and the raised or elevated portion 207 of the frame 
206. As shown isolator assemblies 100-3, 100-4 are positioned between the frame 206 
and the platform 204 and isolator assemblies 100-4 are raised or elevated relative to 

25 isolator assemblies 100-3. In particular, isolator assemblies 100-4 are mounted high 
along the one side of the platform 204 between the bracket 208 (or the platform 204) and 
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the elevated portion 207 of the frame 206, thereby placing the center of gravity of the 
platform 204 at the average center of support provided by the two isolator assemblies 
100-3 on one side and two raised isolator assemblies on another side 100-4 as illustrated 
in FIG. 7 (only one isolator assembly 100-4 is visible in FIG, 7), although application is 
5 not limited to a particular arrangement or particular number of isolator assemblies. 

In the embodiment shown in FIG. 7, the servo writing apparatus 200-1 includes a 
servo assembly including vertically orientated discs to form a vertically orientated 
servo assembly. The servo assembly includes a servo actuator block 210 including a 
plurality of servo heads 212 coupled to servo writer electronics or circuitry 214 and a 

10 spindle block 216 including a spindle hub 218 adapted to support a plurality of discs 
220 in a vertical orientation. The servo heads 212 and discs 220 are merged and the discs 
are rotated to record servo information to the discs via the servo writer electronics 214. 
As shown, the assembly includes a plurality of isolator apparatus 100-3 and 100-4 
interposed between the servo platform 204 and frame 206 to isolate the servo assembly 

15 and components to limit servo writing errors as previously described. 

The isolator apparatus 100-3 and 100-4 include a fluid isolator assembly and 
viscoelastomeric damping element. In an embodiment described, the isolator apparatus 
include a floating body separate from the fluid isolator assembly. The floating isolator 
body includes the viscoelastomeric damping element in series with the fluid isolator 

20 assembly to provide a load or transmission path between the table or platform 204 and 
the frame 206 through a diaphragm of a fluid isolator assembly as previously described. 
In an illustrated embodiment, four isolator apparatus are interposed between the 
platform 204 and the frame 206 as shown. An embodiment of the isolator apparatus for 
the servo writing apparatus 200-1 includes a fluid isolator with a diaphragm and 

25 floating body having a low profile and is designed to support a 2501b payload which 
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lowers less than 0.01 inch per additional pound at a corner to limit the need for leveling 
valves. 

It is to be understood that even though numerous characteristics and 
advantages of various embodiments of the invention have been set forth in the 

5 foregoing description, together with details of the structure and function of various 
embodiments of the invention, this disclosure is illustrative only, and changes may 
be made in detail, especially in matters of structure and arrangement of parts within 
the principles of the present invention to the full extent indicated by the broad 
general meaning of the terms in which the appended claims are expressed. For 

10 example, the apparatus may be inverted so that the fluid isolator is upside down, 
above the floating (viscoelastic) isolator body and thus the direction of the load or 
transmission path may be reversed relative to the fluid isolator and the floating 
isolator body. Particular elements of the embodiments described may vary 
depending on the particular application while maintaining substantially the same 

15 functionality without departing from the scope and spirit of the present invention. In 
addition, although the preferred embodiment described with respect to a particular 
application it will be appreciated by those skilled in the art that the teachings of the 
present invention can be applied to other applications without departing from the 
scope and spirit of the present invention. 

20 



